Abstract This study evaluated how clinicians assess antiretroviral (ARV) adherence in clinical encounters, and which questions elicit accurate responses. We conducted conversation analysis of audio-recorded encounters between 34 providers and 58 patients reporting ARV nonadherence in post-encounter interviews. Among 42 visits where adherence status was unknown by providers, 4 providers did not discuss ARVs (10 %), 6 discussed ARVs but did not elicit non-adherence disclosure (14 %), and 32 discussed ARVs which prompted disclosure (76 %). Questions were classified as: (
Introduction
Medication adherence is critically important for the successful treatment of patients with HIV. However, previous studies have found that 19-53 % of HIV patients are not adherent with their antiretroviral medications (ARVs) [1] [2] [3] . At the same time, it is well-documented that physicians' estimates of patient ARV adherence are highly inaccurate, with physicians routinely failing to detect poor adherence and missing counseling opportunities [4] [5] [6] . Despite these phenomena, there is a dearth of research exploring how providers elicit information about medication adherence in the clinical interview.
In the context of hypertension, Steele et al. identified the need for research regarding medication adherence dialogue in 1990 stating that ''the issue is not simply whether the clinician asks about adherence but how'' [7] . Steele's study found that providers only accurately identified 53 % of adherence problems to antihypertensive medications, and that physicians were most successful when they used an ''informationintensive approach,'' which elicited disclosures 80 % of the time [7] . However, this study did not analyze the questions asked by providers in detail, but rather classified the dialogue into three broad categories: ''indirect,'' ''simple direct'' and ''information intensive.'' Bokhour et al. developed a different schema and concluded that open-ended questioning, collaborative style, and use of lay language elicit more discussion about antihypertensive medications [8] .
Two previous studies have examined medication adherence dialogue in HIV care, but neither assessed the correlation between the type of dialogue and the rates of & Wynne Callon wcallon1@jhmi.edu accurate patient disclosure elicited [9, 10] . One study interviewed 12 physicians who reported a wide range of strategies for asking about ARV adherence, with some asking broad questions, others asking direct questions about missed doses, and still others relying on patients to report unprompted [10] . This study did not observe patientprovider encounters. A more recent study of 34 physicians did observe clinical encounters and found that very few physicians asked about ARV adherence in depth, with some failing to ask at all [9] . Our study looks critically at audio-recorded dialogue regarding ARV medications between providers and nonadherent patients, with the novel goal of analyzing the questions asked by providers and assessing the likelihood that different question types elicit patient disclosures of non-adherence. The overall objective of this study is to inform HIV providers regarding the most effective ways to ask about ARV adherence.
Methods Study Design, Subjects, and Setting
The data for this study were collected as part of the Enhancing Communication and HIV Outcomes (ECHO) Study, which included 45 providers and 434 HIV-positive patients in four sites: Baltimore, New York, Portland, and Detroit. The study received IRB approval at all sites. Eligible providers included physicians, nurses, and physician assistants who provide primary care for patients with HIV. Eligible patients were HIV-positive, at least 18 years old, English-speaking, and had at least one previous visit with their provider. Visits between patients and providers were audio-recorded and transcribed verbatim by a professional transcription company. Research assistants conducted postencounter interviews with each participating patient, using questionnaires that included detailed information about patients' ARV regimens and medication adherence. Data (e.g. viral loads) were also abstracted from the patients' medical records. Additional details about the ECHO study have been previously published [11] [12] [13] [14] .
Sample Selection and Qualitative Analysis
From the ECHO study, we selected all transcripts of patients who had been prescribed ARVs and who reported non-adherence to their ARV regimen (missing doses in the past 3 days) using a detailed, validated questionnaire in post-encounter interviews [15, 16] .
One author (WC) read through each of the eligible transcripts in its entirety and identified all dialogue relating to ARVs, and within that dialogue, identified and abstracted all ARV-related provider questions directed at the patient and indicated whether or not the patient disclosed non-adherence in response to the question. There was no predetermined limit to the number of questions that a provider could ask a patient in any particular visit, so we included all ARV-related questions asked during the visit. We did not include questions that were asked after disclosure was elicited.
Analysis of the providers' questions was guided by the principles of conversation analysis. Conversation analysis examines interactions between individuals as sequential events that have patterns that can be identified by approaching data without preconceived hypotheses and instead allowing patterns to emerge as the data is analyzed in a case-by-case manner. This allows the investigator to determine how a given outcome of an interaction is achieved as well as the different ways that it is achieved in that setting [17, 18] . In this study, categories of question types were generated inductively by two authors (WC and MCB) and were modified continuously throughout the analytic process. As primary categories emerged, we also identified additional subcategories based on patterns evident in the data. Two investigators (WC and MCB) agreed upon the final categories through iterative consensus.
Quantitative Analysis
After categorizing all ARV-related questions, we assessed the frequency of each question type and the rates of patient non-adherence disclosures following each question type. We used negative binomial regression modeling to calculate the unadjusted and adjusted relative risks of patient non-adherence disclosure by the question type, sequential order of the question (whether it was the first, second, or third question asked about ARVs during the visit), and whether the question was leading. Leading questions were defined as those that lead the patient to deny non-adherence (e.g. ''you're taking all your medications right?'') and were one of the subtypes identified within two of the primary question categories. All data analysis was conducted using Stata/SE version 10.0 (College Station, Texas).
Results

Provider and Patient Characteristics
Of the 434 patients in the entire study, 334 (79 %) were on ARV therapy and, of those, 59 (18 %) reported missing doses in the past 3 days. One patient had an unusable audio-recording, leaving 58 patients for analysis. Characteristics of patients and providers are presented in Table 1 . The 58 patients were seen by 34 providers who were equally split by gender. The majority were physicians and most were non-Hispanic white (70.6 %). All were experienced HIV health-care providers.
The 58 patients had a mean age of 43. Just fewer than half were female and two-thirds were black. One-third lacked a high-school degree, and 90 % had known their provider for more than 1 year. Twenty-five patients (43 %) had an unsuppressed viral load ([400 copies/ml). The mean visit length for this sample was 24 min (range 5-65 min).
Dialogue Characteristics
In eight of the encounters it was apparent that providers already knew of patient non-adherence prior to the visit, and in another eight encounters the patient disclosed nonadherence unprompted by providers (Fig. 1 ). These 16 encounters were thus removed from subsequent analysis. In the remaining 42 encounters, 4 providers did not discuss ARVs (10 %), 6 discussed ARVs but did not elicit a disclosure of non-adherence (14 %), and 32 discussed ARVs which prompted a disclosure of non-adherence (76 %).
In these 42 encounters, the clinicians asked 75 questions about ARVs (mean 1.8 questions/visit). Thirty-two of the questions elicited disclosures of non-adherence (43 %) and the remaining 43 did not (57 %). Of these 43 questions that did not elicit disclosure, 29 were asked in visits where the provider later elicited an accurate patient response with a subsequent question, and 14 were questions asked in the 6 visits where disclosure was never elicited.
Question Types
Four primary categories of questions emerged from our content analysis: broad, clarifying, positively-framed, and negatively-framed. These questions are described in more detail below (and summarized in the Appendix).
I. Broad: Twelve questions were classified as 'broad ' and asked generally about the patient's experience with the medications. These questions were all openended. Two examples are shown below.
1. ''How you been doin' on taking your medications?'' 2. ''So, the medications, how is that going?'' II. Clarifying: Twenty-three questions were classified as 'clarifying,' in which we deemed the main goal to be medication reconciliation or clarification of the patient's medication regimen (e.g. drug name, prescribed dose). These questions were further There were no differences in patient age, gender, race/ethnicity, education, viral load, or length of patient provider relationship between patients whose non-adherence status was discovered by providers (n = 48) and those whose was not (n = 10) However, there was a trend (p = 0.061) towards those who knew their provider for less than one year to be less likely to have their non-adherence discovered (50 % discovered) compared to those who knew their provider for 1-5 years (89 % discovered) or [5 years (84 % discovered) Fig. 1 Characteristics of dialogue and number of questions asked subcategorized into 'simple clarifying,' which asked about only the drug name or generally asked if the patient's medicines were still the same (n = 16), and 'detailed clarifying,' which clarified additional details about the dose or regimen (n = 7). Simple clarifying Among the 16 'simple clarifying' questions, 13 asked about specific medications (example 1) and 3 were non-specific (example 2). All questions in this category were closed-ended.
1. ''Are you still taking the Combivir, Viread and Sustiva?'' 2. ''So are you on the same medicines now, or did you change any of them since then?'' Detailed clarifying: Among the 7 'detailed clarifying' questions, 5 were closed-ended (example 1 in which the provider gives the patient the regimen and asks for confirmation) and 2 were open-ended (example 2 in which the provider asks the patient to explain her medication regimen).
1. ''So this is the um Epivir, which you take one twice a day? One in the morning, one at night?'' 2. ''Now tell me how you're taking the Epivir?'' III. Positively-framed: Seventeen questions were positively-framed, focusing specifically on the issue of medication adherence by asking about whether medications were being taken regularly or everyday. All of these questions were closed-ended and 4 were classified as 'leading' the patient to deny adherence (example 3). IV. Negatively-framed: Twenty-three questions were negatively-framed, focusing specifically on the issue of medication adherence by using words such as ''missed'' or ''skipped.'' Five of these questions asked about a specific timeframe (examples 1-2) and the remaining 18 asked about a general timeframe (examples 3-4). Four explicitly normalized missing doses by asking about when or how many doses had been missed (rather than if any doses were missed; examples 5-6). Five were classified as leading the patient to deny non-adherence (example 7-8).
Finally, 2 used laboratory evidence to suggest that the patient might be missing doses (example 9). Specific timeframe 
Characteristics of Questions and Disclosure of NonAdherence
Physicians asked up to 4 adherence questions per visit, and were most likely to start with a clarifying question (34 %) and least likely to start with a negatively-framed question (16 %). Subsequent questions were more likely to be negatively-framed, with 40 % of second questions and 64 % of third questions falling into this category. Table 2 shows prevalence of question characteristics and disclosure rates. Overall, 32 of the 75 questions elicited disclosures of non-adherence (43 %). By question type, rates of disclosure were 33 % for broad questions, 13 % for clarifying questions, 29 % for positively-framed questions, and 87 % for negatively-framed questions. Of the 3 negatively-framed questions that did not elicit disclosures, one was a leading question (''you haven't been missing any of the medicines, right?,'' one asked about a general timeframe, and one about a specific timeframe. In addition, disclosure was elicited following six of the nine questions that were classified as ''leading'' the patient to deny nonadherence. Five of the leading questions were in the form of ''you haven't missed any meds, right?,'' with four eliciting disclosure (80 %) and the remaining four were in the were in the form of ''you're taking all your meds, right?,'' with two eliciting disclosure (50 %). The first question asked during the encounter was least likely to elicit an accurate response while subsequent questions were increasingly more likely to elicit accurate responses. However, after adjusting for question type, the association between question order and disclosure was non-significant. Table 3 shows the unadjusted and adjusted risk of disclosure following questions with different characteristics. After adjusting for other question characteristics (including the question order and whether or not it was leading), the likelihood of non-adherence disclosure was 3.64 times higher for negatively-framed questions compared to all other question types.
Discussion
We found that, although most providers elicited accurate disclosures of ARV non-adherence, a substantial minority (24 %) either did not ask or did not elicit accurate disclosure from patients who were asked. Of the four question types used routinely by providers, our study found that one type of question clearly outperformed all others: negatively-framed questions that explicitly ask about missed doses were by far the most likely to elicit accurate patient disclosures. This finding has never before been demonstrated in clinical encounters, and has the potential to impact HIV practice widely.
We propose two theories that may explain why negatively-framed questions elicit much higher rates of disclosure than other question types. First, the question ''have you missed any doses?'' does not allow for varying interpretations. In response to this question, a patient who knows she has missed doses must either tell the truth or knowingly hide the truth from the provider. Second, providers' use of words such as ''missed'' or ''skipped'' may normalize non-adherence, lowering the barrier to disclosure. Notably, the four questions that even more explicitly normalized missing doses (by asking about the last time a patient missed or how many doses a patient has missed) all elicited disclosures. Previous studies have found that patients feel embarrassed about disclosing non-adherence to their providers [19] . Thus, by using what Barford et al. previously referred to as ''suggestive phrasing,'' providers may implicitly give permission to patients to disclose that they have missed doses [9] .
It is not surprising that the other three question types elicited much lower rates of disclosure. For example, the intent of broad and clarifying questions does not appear to be adherence monitoring. Clarifying questions are often asked in the context of medication reconciliation, with the provider asking about each medication in the patient's medical record in sequence. Patients likely interpret these questions as they seem to be intended: confirmations of whether they have been prescribed those medications, not as questions regarding their degree of adherence. Similarly, broad questions are vague and at times may seem perfunctory. In the same way that we answer ''fine'' to the question ''how are you?,'' the question ''how's it going with your medications?'' tends to elicit a short, affirmative response from the patient (''pretty good'').
Finally, positively-framed questions, although more specific than broad questions, also allow room for interpretation. A patient's answer to ''are you taking your medications regularly?'' is dependent on her interpretation of the word ''regularly,'' which may differ from person to person. In addition, positively-framed question do not * p \ 0.10; ** p \ 0.05; *** p \ 0.001 a Adjusted for question order, whether it was leading, and whether it was negatively-framed lower the barrier to disclosure in the same way that negatively-framed questions do. While negatively-framed questions normalize ''missing,'' positively-framed questions have the opposite implication: they suggest that ''taking'' is the expected behavior. This then may lead patients to feel less comfortable admitting non-adherence. We recognize that our finding that 6 of 9 leading questions elicited disclosures may be surprising. As discussed above, 5 of the leading questions were negatively framed (''you haven't missed any meds, right?''), with 4 eliciting disclosure (80 %). The remaining 4 were positively framed (''you're taking all your meds, right?''), with 2 eliciting disclosure (50 %). We suspect that even when asked in a leading manner, asking about missed doses may still be more likely to prompt the patient to disclose nonadherence.
There are several differences between our study and previous studies with regard to how often providers discuss adherence, and how often it is accurately elicited when discussed. A previous study found that primary care physicians failed to ask about hypertension medication adherence in 33 % of encounters with patients who had uncontrolled hypertension [8] . In contrast, in our sample only 10 % of HIV providers failed to ask about ARV adherence even though fewer than half of the patients (43 %) had unsuppressed viral loads. Furthermore, another study about hypertension medications found that only 53 % of instances of non-adherence were accurately identified [7] , compared to 80 % of instances of non-adherence in our study. These differences may be due to several factors. First, there is a marked emphasis on adherence in HIV care that may not be present in other disease conditions, resulting in HIV providers being more likely to ask about, and patients being more likely to report, problems with taking their medications because they are aware of the risk of viral resistance. This is supported by the instances in our sample in which patients disclosed non-adherence unprompted by providers or in response to broad or clarifying questions that did not explicitly ask about adherence. Finally, it should be noted that our study focused specifically on how providers might most effectively ask about adherence when speaking to patients, rather than focusing on what the most effective way to ask the question in a standardized questionnaire such as a survey or prompted by the medical record. While our findings may have some relevance for standardized questioning in surveys or medical records, a broad body of literature has addressed that question [2, 16, [20] [21] [22] . Given that previous studies have found especially low rates of non-adherence disclosure in medical interviews (as compared to written surveys), our study instead focuses on how to optimize adherence disclosure in the medical interview [23] .
Opportunities exist for future research regarding how providers respond to disclosures of non-adherence. It is possible that some of the patient disclosures, particularly unprompted ones, may be explained by the provider previously responding to similar disclosures in a way that made patients feel comfortable and supported. Understanding the impact of providers' responses on future disclosures of non-adherence is important, as previous studies have found that patients sometimes choose not to disclose because they are afraid of their provider's disapproval [19] . Further research is also necessary to understand providers' thoughts and motivations regarding adherence monitoring. A previous study observed that ''physicians who did not ask specific questions about missed doses stated that they believed doing so was probably a good idea; they simply had not yet incorporated it into their routines'' [10] . This suggests that there may be barriers to providers implementing changes in the way that they ask about medication adherence. One possible reason is that providers find it awkward to ask questions they perceive as confrontational, or are afraid to offend patients [9] .
This study has several limitations. First, it is possible that patients' and providers' behavior was influenced by the knowledge that the encounter was being recorded. However, we observed a wide range of behavior and communication styles that do not suggest that patient and provider communication was strongly inhibited. Previous studies addressing this question have found that recording medical interactions has no significant effect on patient or provider behavior [24] [25] [26] . Moreover, we would expect the presence of the audio-recorder to lead providers to be more cognizant of their communication styles, so our observation that a substantial minority of providers did not elicit disclosures of non-adherence is a conservative finding. Second, although we had a large sample size and detailed data about patient adherence, we still only had a small number of questions in secondary categories. Therefore we were not able to statistically test the impact of leading questions (which are generally thought not to be effective) or of negatively-framed questions that explicitly normalize missing doses (''when was the last time you missed a dose?'' vs. ''have you missed any doses?''). Finally, selfreported measures of adherence rely on patient recall and truth-telling, and patients who were not adherent but did not report non-adherence during the post-encounter interview would not have been captured in our sample. Our determination of non-adherence was based on missing any doses within the last 3 days, as reported by patients during a post-encounter interview with a research assistant. We chose this measure based on prior research showing its relation to virologic and immunologic outcomes [16] . We also explored the use of other measures of self-reported adherence, including global measures such as general or 30-day estimations, that have been widely used and tested previously [27] [28] [29] . We found a high correlation between our three-day recall measure and a question asking patients to estimate the percentage of days they took their medications in the past 30 days, and another asking patients to rate their adherence to ARV medications in general.
In summary, it is critical that providers caring for HIVpositive patients be aware of patient non-adherence to ARVs in order to counsel patients and adjust treatment appropriately so as to avoid the risk of viral resistance. Our findings suggest that questions clarifying medication regimens, broad questions about how the patients is doing on the medications, and even questions asking if a patient is taking their medications regularly may not constitute a sufficient inquiry regarding medication adherence. Providers can improve the probability with which they elicit accurate disclosures of non-adherence by using negativelyframed questions that ask explicitly about missed doses.
